Principles of Engineering Drawing

Thayer Machine Shop



Drawing and Tolerancing

This Tutorial reviews the following principles:

Drawing: How to interpret and create engineering drawings
Dimensioning: How to communicate dimensions properly

Tolerancing: How to use geometric and dimensional tolerances
to specify how much variation is acceptable during manufacture



Why Engineering Drawings?

* Engineering drawing isaformal and precise way of
communicating information about the shape, size, features
and precision of physical objects.

« Drawing isthe universal language of engineering.

« Engineering drawing could be a complete course in itself,
but we only have 80 minutes so...

Thisisonly going to cover the very basics.



Drawing Standards

« Just like written language has standards, the
“grammar” of technical drawing Is defined

by...
the ANSI Y 14.5 or the | SO standard

e The ANSI standards must be understood to
read a drawing.

e Letslook at asample drawing...
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Basic Information Included in a Drawing

PrOj ected VIews: show as many sides as needed for completeness.
Cross Sections: A view thatis good for showing interior features.

Table: Lower right corner, with material information, part name, designer etc.
and finally

DIMENSIONS! ! These are the most important and

most complicated part of the drawing. There is moreto it than
just the numerical values!



0.250” +.003”
JO.?SO” +.003"—»

Which 1s better?
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<«—1.000" + .003"—»

<4—0.250" + .003"
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A Dimensioning Example,
showing that placement should match intent

These drawings show bolts holes for mounting a flange onto a plate. When
mounting the flange, the position of the holes with respect to each other isvery

important, or else the flange (or part) won't fit. 1t makes sense to dimension the
distance between the holes, instead of the distances to the edge.

0.250" +.003" <«—1.000" + .003"—»
4—44—0.750” +.003"—» >

<4—0.250" + .003"

© © © ©

Dimension placement Dimension placement

matches intent does NOT match intent .



Tolerances

(every part needs some)

There are two types of tolerances:
Dimensional Tolerances
and
Geometric Tolerances



What' s the difference?

 Dimensional tolerances control

 Geometric tolerances control &

Geometric tolerances affect dimensional tolerances!
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Types of Dimensional Tolerances

< 1.371 > < >

1.379 1.375+.004

Limit Dimensioning Plus & Minus Tolerancing

Both methods are acceptable.
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Tolerance Accumulation

= 0z00s+sz00sie 10x005+ 10x00s —| | NE distance between X and Y isacritical dimension.
Thetotal variation in the distance between X and Y
- - - - depends on how the drawing is dimensioned.

X

(a) Chain dimensioning - greatest tolerance
accumulation between X and Y.

| 360,08 How much tolerance is specified on the distance
e 162005 —»] between X and Y in each example?

—» 10%0.05 |=—

(@) +

: " (b

(b) Base line dimensioning - lesser tolerance
accumulation between X and Y.

e 26+ 0.05 ——————» (C) +
le—— 16+ 0.05 ——— -
—= 10+0.05 |e—

X
l-—— 261 0.05 ———

(c) Direct dimensioning - least tolerance
between X and Y. 522 12

2.6

Y




Geometric Tolerancing

Geometric Tolerancing is used to specify the shape of features.
Things like:

eStraightness *Profiles
*Flatness Perpendicularity
Circularity Parallelism
Cylindricity «Concentricity
*Angularity *And More...

Geometric Tolerances are shown on a drawing with a feature control frame.
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The Feature Control Frame

Geometric
characteristic

symbol \ '/' Tolerance

| |poos@™|C

\— Datum reference
Diameter symbol letter

Material condition
symbol

3.4.2

This feature control frameisread as. “The specified feature must lie perpendicular within a
tolerance zone of 0.05 diameter at the maximum material condition, with respect to datum
axisC. Inother words, this places alimit on the amount of variation in perpendicularity
between the feature axis and the datum axis. In adrawing, this feature control frame would
accompany dimensional tolerances that control the feature size and position.
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Geometric Characteristic Symbols

TYPE OF

TOLERANCE CHARACTERISTIC SYMBOL | SEE:
STRAIGHTNESS — | 641
FOR FLATNESS 7 6.4.2
INDIVIDUAL FORM
FEATURES CIRCULARITY (ROUNDNESS) O 6.4.3
CYLINDRICITY yeol 6.4.4
FOR PROFILE OF A LINE /) 6.5.2 (b)
INDIVIDUAL
Or RELATED | PROFILE ~
FEATURES PROFILE OF A SURFACE 6.5.2 (a)
ANGULARITY P 6.6.2
ORIENTATION | PERPENDICULARITY | 6.6.4
PARALLELISM // 6.6.3
FOR POSITION >3 5.2
RELATED
FEATURES LOCATION CONCENTRICITY O 5.11.3
SYMMETRY o 5.13
CIRCULAR RUNOUT A | er1.21
RUNOUT
TOTAL RUNOUT A | err22
+ ARROWHEADS MAY BE FILLED OR NOT FILLED [331

FIG. 3-1 GEOMETRIC CHARACTERISTIC SYMBOLS

A feature control frame gives information about geometric
tolerances on the feature.
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Straightness Example

THIS ON THE DRAWING

16.00
% 15.gg (16h11)

MEANS THIS

(a)

(b) T = )
@16.00
‘ MMC

(c) — . ﬁ._ {
i' _ _ ©16.00
MMC

— e ¥

Each longitudinal element of the surface must lie
between two parallel lines (0.02 apart) where the
two lines and the nominal axis of the part share a
common plane. The feature must be within the
specified limits of size and the boundary of
perfect form at MMC (16.00).

Note: Waisting (b) or barreling (c) of the surface,
though within the straightness tolerance, must
not exceed the limits of size of the feature.
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Straightnessat MMC

THIS ON THE DRAWING
16.
_ 16.00

ACCEPTANCE BOUNDARY

MEANS THIS

— @16.04 virtual condition

Feature Diameter tolerance
size zone allowed
16.00 0.04
15.99 0.05
15.98 0.06
15.90 0.14
15.89 0.15

The derived median line of the feature actual
local sizes must lie within a cylindrical
tolerance zone of 0.04 diameter at MMC.

As each actual local size departs from MMC,
an increase in the local diameter of the
tolerance cylinder is allowed which is equal
to the amount of such departure. Each
circular element of the surface must be
within the specified limit of size.

(16h11) _
15.89 @16.04
—som] S ,
- - $16.00
_ - Y
N N
(a)
6.4.1.1.2
4.5.4.1 — $16.00

X NN [ #o0s

@16.04

NN T Ry

?16.04

Meanings:

(@) The maximum diameter of the pin
with perfect form is shown in a
gage with a 16.04 diameter hole;

(b) with the pin at maximum diameter
(16.00), the gage will accept the
pin with up to 0.04 variation in
straightness;

(c) with the pin at minimum diameter
(15.89), the gage will accept the
pin with up to 0.15 variation in
straightness.
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Demo
Sketch your observations.

2 Rods: 375" diameter
750" diameter

Tube with .755” hole
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Flatness Examples

THIS ON THE DRAWING

[710.25

I 6.4.2.1

MEANS THIS

It

r 0.25 wide tolerance zonj

==

N

specified limits of size.

The surface must lie between two paraillel planes
0.25 apart. The surface must be within the
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Parallelism Example

THIS ON THE DRAWING

| /012 [A]

1

| 6.6.3.1

THIS ON THE DRAWING

[/ [#02]A]

V.

Y £

I 6.6.3.1

MEANS THIS

[ 0.12 wide tolerance zone

Possible orientation
of the surface

ZDatum plane A

The surface must lie between two parallel planes
0.12 apart which are parallel to datum plane A. The
surface must be within the specified limits of size.

MEANS THIS

Possible orientation
of feature axis

{

T—0.2 diameter
tolerance zone

\— Datum axis A

Regardless of feature size, the feature axis must lie
within a 0.2 diameter cylindrical zone parallel to
datum axis A. The feature axis must be within the

specified tolerance of location.
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Circularity (Roundness) Example

THIS ON THE DRAWING

N

| 6.4.3.1

MEANS THIS

0.25 wide tolerance

SECTION A-A

zone — A 0.25 wide tolerance zone

SECTION A-A

Each circular element of the surface in a plane perpendicular to an
axis must lie between two concentric circles, one having a radius
0.25 larger than the other. Each circular element of the surface
must be within the specified limits of size.




Circular & Tota Runout

Runout Is specified on cylindrical parts. It Is

measured by placing a gage on the part, and
rotating the part through 360 degrees. The
total variation is recorded as the runout.

e Circular runout 1s measured at one location.

e Total Runout Is measured along the entire
specified surface.
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Circular Runout Example

THIS ON THE DRAWING

/
1

MEANS THIS Single circular
elements
0.02 FIM
Datum axis A 1
[
\ T
- - |
|
‘ l
Rotate | |
part Applies to portion ' '
of surface indicated 17> 7 L—

0.02 FIM

At any measuring position, each circular element of
these surfaces must be within the specified runout
tolerance (0.02 full indicator movement) when the
part is rotated 360° about the datum axis with the
indicator fixed in a position normal to the true
geometric shape. The feature must be within the
specified limits of size.

(This controls only the circular elements of the
surfaces, not the total surfaces.)
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Total Runout Example

THIS ON THE DRAWING

+- _ _

6.7.1.3.1

6.7.1.2.2

MEANS THIS

0.02 - C,)

? " G
Rotate
Datum axis A L

t=——-———— part

0.02 wide tolerance
zone applies to
entire (total)
surface

The entire surface must lie with the specified runout
tolerance zone (0.02 full indicator movement) when
the part is rotated 360° about the datum axis with
the indicator placed at every location along the
surface in a position normal to the true geometric
shape without reset of the indicator. The feature
must be within the specified limits of size.
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Cylindricity Example

THIS ON THE DRAWING

A
N

@25+0.4
A 0.25

6.4.4.1

MEANS THIS/f 0.25 wide tolerance zoneJ-
N R S

_—f'

S e e e ———————

The cylindrical surface must lie between two
concentric cylinders, one having a radius 0.25
larger than the other. The surface must be

within the specified limits of size.

25



Perpendicularity Example

THIS ON THE DRAWING

N

Z
Vs
D

7

I 6.6.4.1

MEANS THIS

— e (0.2 wide
tolerance
zone

J :R :Datum axis A
Possible orientation_/vl
of the feature axis

Regardless of feature size, the feature axis must lie
between two parallel planes 0.2 apart which are
perpendicular to datum axis A. The feature axis
must be within the specified tolerance of location.

-

Note: This applies only to the view on which it is
specified.
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Angularity Example

THIS ON THE DRAWING

Measuring angularity is
eguivalent to measuring
parallelism at an angle.

é 6.6.2.1

2.12

MEANS THIS

0.4 wide tolerance zone

Possible orientation
of the actual surface

ZDatum plane A

The surface must lie between two parallel planes 0.4
apart which are inclined at 30° to datum plane A.
The surface must be within the specified limits of
size. See figure 2-14. 27




Conventional (Coordinate) Tolerancing

+ + .
750+ .00 3xp 250" gg
2.000 + .005 : / ‘ '\ "his dimensional tolerance
/ ontrols the size of the 3 holes.

1
C

T The other dimensional tolerances
C

600 1'.005 ontrol the positions.

l

1.500 + .005

|

N

/— Tolerance Zone Boundary

IS

D E—
010"

\ Hole Center Axis

28



In the conventional tolerancing scheme, a hole center axis can reside
anywhere in the square tolerance zone. The drawing may call out linear

tolerances of +.005”, but...

.005"
D —

.005"

N
GV

By how much can the hole location deviate from spec?

29



Geometric Position Tolerancing

1x @ 250 9B
S= o =
= {150k, /  [p 0 BAEE
o L 17
T S 7 e
1.500
\T’ ------
EA=]

The Feature Control Frameisread like this;



MMC vs. LMC

LARGEST SMALLEST
SHAFT SHAFT

N
SMALLEST LARGEST

“Maximum Material Condition” “Least Material Condition”

31



—_ -

Tolerance Zone Size

+.005
,_310.250_.300

[w1] |

— B —| : /
./90H-—2.000 | - / @@ .00
5 7
Z 2 o
1.500
1 . + -
© o o
Ex-]

Thisfeature control frame specifies the tolerance
zone as acircle of diameter .010 at MMC,
centered according to the basic dimensions given.
The size of the tolerance zone is dependent on the
size of the hole,

A feature control frame can specify the size of the
tolerance zone at MMC, LMC or RFS (regardless
of feature size).

|

MMC of hole=.250

 MC of hole=.255

IHole diameter Tolerance Zone diameter
.250 (MMC) .010
251 011
252 .012
.253 .013
254 .014
255 (LMC) 015

32



Determining Tolerance Zone Size

33



Does this feature meet the true position tolerance?

/ S0 00 DA

+ .005
2.2 g0

Loy |
n

e

ol

el
|y
|

..@—@_g

O

Step 1: What can we measure?



Step 2
Calculate deviationsin x and y directions.
How does this compare to the basic dimensions?

O
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Step 3:
Determining the True
Position

Tolerance zone, dia. = TZ

Desired position

Actual hole center

Z =252+

A hole center that deviates from true position by x
and y lies within atolerance zone of diameter Z. If
Z>TZ,thepart isbad.

Positional Tolerance Diameter

.030
. 029
. 028
. 027
. 026
. 025
.024

.023
. 022
.021
. 020
.019
.018
.017
.016
.015
.014
.013
.012
.011
.010
. 009
. 008
.007
. 006
. 005
. 004
. 003
. 002
.001

|

Co-ordinate Difference

— o ™ - n (7]  ond [+ o] (2] o
o o o o (o) o (] o o -t
o o o o o o o o o o
™~ - ;J
- - J:.014
P—
—— \\ \\<
— = N +.013
+.012
~—~ o \\ <
P—
= B WA £.011
- N \\ \\
P—
\\ \\ +.010
- ]
] N
- PSP +.009 §
™~ N N 5
[ )
B N +.008 %
N Q
o
- SN J B +.007 @
[~ N N \\ .E
~ \ N\ °
- Q \ K t.OOG‘g
N N
A\, I\ ()
Y
A +.004
EmSSE A
+.003
\ \
\\ \ +.001




True Position and Perpendicularity

+.005
—E] — XD 20_ o0
|.730H-—2.000 | / @[ .00 BJC
_t (T ;
,L‘ P
¥ . {5—‘ — =t Referencing datum A means that the center
7500 axis of the hole must be perpendicular to
' datum plane A. The axis must intersect
: datum plane A inside the tolerance zone
1.:,1 s o o
E2-]
Permissible hole
axis variation i

This feature control frame specifies the true position
tolerance of the hole with respect to 3 datum planes.
The order that the datum planes are listed in the feature
control frame indicates the priority of each datum.
Datums B and C provide reference for the x and y
position of the hole center, and datum A controls the
perpendicularity of the hole axis.

-/
LA
=] — . —
— —
.~
1

-~

.010" wide tolerance zone
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Standard Fits

e Standard Fits are away of specifying afit
between a hole and a shaft.
- RC (1-9) Running or Sliding Clearance Fit
- LC (1-11) Locational Clearance Fit
- LT (1-6) Transition Clearance or Interference Fit
- LN (1-3) Locational Interference Fit
- FN  (1-5) Force or Shrink Fit

We mention this here because it will be useful in dimension the
parts of your yo-yo that must snap fit together.

38
Ref: Marks Mechanical Engineering Handbook, 6th ed. McGraw-Hill.



53778093‘5407300oo82826‘.6446“6‘6282828600082825555

Class

FN2

Standard Fit Example
Thereisanominal diameter of 1 inch for the shaft and hole on your yo-yo. You want a
class FN2 fit. What should the dimensions and tolerances be for the shaft and the hole?

imi

L
(Limits are in thousandths of an inch on diameter)

Table 49.

ts of Interference for Force and Shrink Fits

FN1

00000000000'0'0‘0‘0]0]02 2ll2‘3‘3‘32424242‘35364747

Fits

ing

ts of Clearance for Running and Slid

(Limits are in thousandths of an inch on diameter)

P

L

Table 48.

Nominal size

range, in.

To

Over

Class

~
[~

0.04

RC9

-
~
=]

0.12

19
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0.24
0.40
0.56
0.71
0.95

19
1.58
1.97
2.56
3.15
3.94
4.73
5.52
6.30

0]530708050005000000000000
4849506275889004285488255I
N NN (N O == AT NN

.00
@
~

7,09

RCS

5-I880659500505050005000000

....... . .

RC7

OCON— VOOV NMNO—=OVONONONOODONDO

.|213]324253748506274860.922

———— ]

RC6

6882082260025'045506000000

SO N - 2'3‘425263738495]6386

RC5

64880226620059085706000400

0]'2'2‘32424353647596083

RC4

3]445760840026426806550400

SC—O -0 — 0202‘3]3 4]425263749

RC3
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......... . IR .
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RC2
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000000000]0]0'02020202‘3]3

RC1

14l52627394]42556860830720
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Nominal size

range, in.

Over

To

~N
o

0.24
0.40
0.71

)

1.97

w
[

4.73
7.09
9.85
15.75
19.69

12.41

0.04
0.12
0.24
0.40
0.71
19
1.97
3.15
4.73
7.09
9.85
12.41
15.75

N
o
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"7.88

9.85

8.86
. 9.85 -

11.03

12.41

.03

12:41

13.98

13.98

15,75
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15.75
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